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R716digestive fluid will allow optimal
digestion of a wide range of protein
and other substrates.
From this and other work on the
Venus flytrap, it is possible to begin to
build a picture of the coordination of
processes leading from fast sensory
perception of touch to digestion and
absorption of nutrients (Figure 1).
This study also broadens our
knowledge of nutrient transport, and
NH4
+ transport in particular, from both
functional and evolutionary
perspectives. A number of important
questions remain: What happens to
the NH4
+ that is absorbed by the trap
cells? Is it processed by these cells or
transported to other cell types for
processing? What are the similarities
and differences between this NH4
+
transport system and those from plant
roots? How are other nutrients (e.g. P,
Fe) dealt with? What other signals are
involved in the coordination of these
complex processes? The continuedapplication of single-cell and
whole-organ physiology and
biochemistry along with genome
sequencing and functional genomics
approaches will ensure that these and
other questions continue to be
addressed.References
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with Crossed PurposesA recent study has revealed that different populations of commissural spinal
interneurons ensure limb alternation at different speeds of locomotion.Evdokia Menelaou
and David L. McLean
While every journey begins with a
single step, it is the subsequent
alternating ones that make the trip
possible. Our current understanding of
how this is achieved in limbed animals
was first articulated over a century ago
[1,2]. In his ‘half-center’ hypothesis,
Thomas Graham Brown predicted that
networks of neurons in the spinal cord
would be organized antagonistically,
like themuscles and limbs they control.
A recent study by Talpalar et al. [3] has
now identified fundamental crossing,
or commissural, components of the
hindlimb ‘half-centers’ and revealed
surprising differences in their
contribution to left–right alternation
depending on how fast the animal is
trying to move.
Mice, likemany tetrapods,move over
a range of speeds using alternating
gaits. Left–right hindlimb (and forelimb)alternation requires that flexors on one
side of the body are silent as those on
the other side are active. The same is
true for extensors. This pattern is
reinforced by mutual antagonism
between flexors and extensors on the
same side of the body. To examine the
circuit basis for left–right alternation,
Talpalar et al. [3] focused on a single
genetically identified population of
cells that are known to have
commissural processes. So-called V0
neurons arise from the p0 progenitor
domain, and contain both excitatory
(glutamate/acetylcholine) and
inhibitory (GABA/glycine)
subpopulations [4,5]. While all V0
neurons are defined by the expression
of the Dbx1 transcription factor in
progenitor cells, the V0 population can
be subdivided into Pax7-derived dorsal
(V0D) inhibitory and Pax7-negative
ventral (V0v) excitatory subgroups
(Figure 1A). Talpalar et al. [3] took
advantage of these differences intranscription factor expression and
transmitter phenotype and, through a
clever use of intersectional genetic
approaches, were able to selectively
eliminate subsets of V0 interneurons
and examine the effects on locomotor
behavior.
As a first pass, Talpalar et al. [3]
eliminated the entire V0 population. To
do so, they selectively killed off the V0
cells by expressing a toxin that was
driven by Dbx1. To confirm that the
approach was working, they used an
array of genetic markers to identify V0
cells and found a substantial reduction
in their number, while those derived
from other progenitor domains were
spared. Once they established the
specificity of the ablation approach,
next on the list was an examination of
the consequences. Remarkably,
V0-ablated mice survived the
procedure, which provided a unique
opportunity to test the effect in freely
behaving animals. As you might
expect from previous work [6],
V0-ablated mice lacked the ability
to generate normal alternating
limb movements, and instead
hopped very much like a rabbit
(Figure 1B). Critically, this type of
behavior is never observed in
wild-type mice.
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Figure 1. Involvement of V0-derived excita-
tion and inhibition in left–right alternation.
(A) The spinal cord is divided into dorsal
(pd1–pd6) and ventral (p0–p3; interneurons,
pMN, motoneurons) progenitor domains. The
new study [3] focused on the V0 population
derived from p0 progenitor cells marked by
expression of the transcription factor Dbx1.
Dorsal Pax7-derived V0D cells are inhibitory
and ventral V0V cells are excitatory and ex-
press the transcription factor Evx1. The V0V
subdivisionalso includes thePitx2+V0c subset
of cells. (B)Schematicof the locomotorpattern
in freely walking mice demonstrates left–right
alternation of opposite limbs in intact mice.
V0-deficient mice do not alternate their limbs
and hop instead. For simplicity, only the
hindlimb pattern is highlighted. The dashed
grey arrows indicate the alternating (top) and
synchronous (bottom) forward progression of
the hindlimbs. (C) Schematic representations
of the locomotor patterns reported from intact
and mutant mice. To the left, the ablated
V0 population is marked by a dashed cross
and to the right, diagonal and vertical
ball-and-stick lines indicate alternation and
synchronous activation of the limbs, respec-
tively. Intact mice alternate their limbs and
V0-ablated mice are hopping at all locomotor
speeds. Deletion of inhibitory V0D cells
impairs left–rightalternationat slow tomedium
speeds but not at fast speeds. Ablation of
excitatory V0V cells leads to the opposite
phenotype.
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R717Because V0 cells were ablated
throughout the entire nervous system, it
was not clear whether the hopping
phenotype was a result of disruption of
spinal locomotor networks alone. To
address this, Talpalar et al. [3] isolated
the mouse lumbar spinal cord and
recorded the activity of motor nerves
during locomotor-like activity evokedby
neuroactive chemicals. The outcome
wasexactlywhatonewouldexpect from
the mouse hopping behavior; hindlimb
motor nerves burst synchronously
instead of in an alternating fashion in
V0-ablated mice. Although this was
goodevidenceby itself, theauthors took
the extra precaution of genetically
restricting V0 ablation to the caudal
reachesofspinalcord.Again, consistent
with the importance of V0 spinal
interneurons in maintaining alternation,
this more localized perturbation
generated hopping in the hindlimbs, but
not the forelimbs.
Having confirmed the importance of
spinal V0 cells in left–right alternation,
the next step was to investigate the
relative contribution of crossed
inhibition (V0D) versus crossed
excitation (V0V). Talpalar et al. [3] began
by ablating the V0D inhibitory
subpopulation. Previous work strongly
implicated crossed inhibition in the
control of left–right alternation [6].
Consistent with these findings, during
chemically-evoked locomotor-like
activity in the isolated spinal cord,
alternation was absent in mice lacking
the inhibitory V0D subpopulation.
However, something that had been
completely overlooked until now was
that this effect was specific to slow
locomotion. As the locomotor rhythm
increased in frequency, normal
alternation emerged (Figure 1C).
Incredibly, when the authors eliminated
the V0V excitatory population, they
found the opposite pattern; left–right
alternation was clear at slow speeds
but was lost at fast speeds (Figure 1C).
The story that takes shape is as
surprising as the data are convincing.
V0 inhibitory commissural interneurons
are critical at slow speeds of
locomotion, but are dispensable at
faster speeds. As the mice move more
quickly, an excitatory commissural
population of V0 interneurons takes
over responsibility for maintaining
left–right alternation. Given their
substantial body of work investigating
hindlimb locomotor circuits [7,8],
Talpalar et al. [3] propose a wiring
diagram that likely explains the results(Figure 2). In this scheme, V0D neurons
directly inhibit motoneurons on the
opposite side of the body, while V0V
neurons inhibit motoneurons via
activation of a local intermediary.
Therefore, left–right alternation cannow
be explained by two discrete functional
modules: one that is active at slow
speeds and utilizes crossed inhibition,
and one that is engaged at fast speeds
and utilizes crossed excitation. This
observation challenges traditional
views regarding left–right alternation
and the presumed importance of purely
commissural inhibition [2].
One of a number of open questions is
how these two crossed pathways are
engaged at different speeds. In
zebrafish, where different subsets of
interneurons are also engaged at
different speeds, the neurons that are
active at slow speeds are inhibited as
the faster ones are recruited [9].
Something similar could be happening
in mice, where V0D cells are actively
inhibited at fast speeds, so as not to
interfere with alternation driven by the
V0V cells. Alternatively, each module
could be excited by distinct pathways.
There is reasonable evidence that V2a
neurons, derived from the p2 domain,
make ipsilateral excitatory connections
preferentially to the V0V cells [10].
Interestingly, genetic ablation of
V2a neurons disrupts alternation
specifically at faster speeds [10,11].
This observation is consistent with
V2a cells providing a selective source
of drive to V0V cells (Figure 2). It is still
not clear what the source of excitatory
drivemay be to the slower V0D cells, but
there are numerous potential
candidates [4,5].
Now, you may be asking yourself,
does this mean rabbits and kangaroos
lack V0 neurons? It is, of course,
a possibility that during evolution
there was a complete loss or partial
compromise of V0 connections.
Another possibility is that the crossed
connections are subject to
neuromodulation, which alters their
influence on contralateral motor pools.
In rabbits, locomotor output from
reduced or isolated spinal cord
preparations is always consistent with
hopping movements [12]. However, in
newborn rats, the connections from
commissural neurons known as ‘switch
cells’ to motoneurons can be
converted from polysynaptic inhibitory
to monosynaptic excitatory in the
presence of serotonin [13]. Dialing up
or down the strength of crossing
Left Right
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Figure 2. Proposed speed-related organization of networks involved in left–right alternation.
Wiring diagram highlights the two neuronal modules involved in alternation at different speeds.
At slow speeds (red lines), the V2a interneurons drive the excitatory V0V subpopulation to
inhibit contralateral MNs via the activation of IINs. At fast speeds (blue lines), the inhibitory
V0D cells are activated by ipsilateral interneurons of unknown identity (?) to directly inhibit
contralateral MNs. EIN, excitatory interneuron; CIN, commissural interneuron; IIN, ipsilateral
interneuron; MN, motoneuron. For more details see main text.
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would certainly provide a more flexible
and less permanent means to generate
different gaits.
Given the phylogenetic conservation
of the transcription factor code for
spinal differentiation [4,5] and the
observation that interneuron switching
occurs not only in mice as described
here but also in fish [9], it is more than
likely that similar mechanisms are at
play within our own spinal cord. As
such, the work by Talpalar et al. [3]
brings us several steps closer to theresolution of a journey that began a
long time ago. Or, at least in the case
of V0-deficient animals, several hops
closer.
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E-mail: david-mclean@northwestern.eduhttp://dx.doi.org/10.1016/j.cub.2013.07.064Active Vision: Adapting How to LookA new study has found that artificial occlusion of central vision leads to rapid
emergence, and long-term maintenance of a new preferred retinal locus of
fixation. These findings have important implications for the understanding of
visual and oculomotor plasticity as well as for the development of rehabilitation
techniques.Martina Poletti1
and Michele Rucci1,2
Finding a needle in a haystack is a
notoriously difficult task. Part of the
difficulty originates from the
non-uniform resolution of the visual
system. Even though the human eye
covers a broad field, only a region
smaller than one degree in visual
angle — approximately the size of a
thumb at arm’s distance — offers the
resolution necessary for seeing fine
detail and distinguishing needles from
hay. This is the portion of the scenethat projects onto the central fovea, a
depression in the retinal surface where
receptors are most densely packed.
Not surprisingly, humans normally use
this region as their preferred retinal
locus for acquiring fine spatial
information and move this locus from
one point of interest to the next by
means of very fast eye movements
(saccades). But what happens when
this preferred retinal region suddenly
becomes unusable? A new study by
Kwon et al. [1], reported in this issue
of Current Biology, shows that normal,
healthy observers rapidly adapt to anartificial obstruction of the fovea by
developing a new preferred retinal
locus, which they then retain even
after relatively long periods of normal
unobstructed vision.
Imagine being at The Louvre looking
at La Gioconda (Figure 1). At a distance
of approximately one meter from the
painting, only an area of a few squared
centimeters falls within the foveal
region with the highest visual
resolution. As an observer with normal
vision (observer A) looks atMona Lisa’s
left eye, the rest of the painting appears
blurred, the degree of blurring
increasing with the distance from the
current point of fixation. To examine
Mona Lisa’s mouth (is she really
smiling?), the observer will need to
move his eyes so to bring the region
of interest on the fovea. The mouth
will then become visible at the highest
level of detail and — perhaps, for this
